between insulin receptor status, villus hyperplasia or hypoplasia, and expression of brush border enzymes. The lactating rat was used as a physiological model of hyperplasia. Rats with surgically induced jejunoileal bypass were studied to enable comparison of hypoand hyperplastic tissues within the same animal.
increased up to 55 % (p < 0O005), and fasting plasma insulin increased 71 % (p = 0005), compared with controls. Insulin binding to villus cell membranes, and sucrase and alkaline phosphatase activities were, however, unchanged. In ileum of bypass operated rats, villus height increased 134 % (p < 0O005) while insulin binding fell 68 % (p = 0-025). Scatchard analysis revealed that this was largely because of reduction in binding by high affinity receptors. Sucrase and alkaline phosphatase specific activities fell 57 % (p = 0-03) and 49 % (p = 0O02) respectively, suggesting that ileal villus cells were hypomature. The 
INSULIN BINDING STUDIES
Methods were similar to those previously described.3 Immediately after removal, gut segments were rinsed and mucosa scraped off using a glass slide. The scrapings consisted mainly (95 %) of villus cells, identified by presence of a brush border, with few stromal cells or crypts. Ten volumes of 10 mmol/l Tris, 50 mmol/l mannitol, HCI (pH 7 4) were added to each volume of scrapings and homogenised for 30 seconds at speed 6 in a Waring blender. The homogenate was centrifuged for 10 minutes at 5000 g to remove nuclei and whole cells. The crude membrane preparation was then collected and washed twice by centrifugation at 27000gmax and finally suspended in the above buffer containing 0-1 mmol/l phenylmethylsulphonyl fluoride, aprotonin 0 01 TIU/ml, and bacitracin 100 U/ml. All the above procedures were carried out at 4°. To triplicate 2 mg aliquots of membrane protein, 30000 cpm of 1251-insulin was added together with varying amounts of unlabelled insulin up to 5 x 10-5 mmol/l in a final volume of 0 5 ml. Membranes were incubated at 15°f or two hours. Membrane bound and free 1251 was measured by gamma spectrometry after separation by rapid centrifugation through a 1 5 % bovine serum albumin cushion at 27 000 gmax-Degradation of 1251_ insulin was less than 5% and was corrected for as described.3 Receptor characteristics were calculated from binding curves by Scatchard analysis using the computer program 'Ligand' 11 Total insulin specific binding in each experimental condition was determined by subtraction of 1251-insulin bound in the presence of a 10 000-fold excess of unlabelled insulin from that ileum (Table 1) . Insulin binding to membranes from hyperplastic ileum of bypass rats (Table 1) was substantially lower than in control ileum (p = 0 025). This difference was borne out by a significant change 300-in the binding curves (Fig. 4) hyperplasia, were not significantly different from those of nonlactating animals ( Table 2 ). In the markedly hyperplastic ileum of jejunoileal bypass rats, however, substantial changes were seen (Table  2 ), in particular, there were many less high affinity receptors (p < 0 01). Such changes reflected the lower total binding in these tissues. Insulin binding to the mildly atrophic tissue of the selfemptying loops was similar to that in control tissue (Table 2) . ENZYME ASSAYS Sucrase and alkaline phosphatase activities, characteristically, were highest in jejunum. Ileal hyperplasia in jejunoileal bypass rats was accompanied by a significant fall in specific activity of these brush border enzymes (Table 3 ). There was no significant distal small intestine, are related to differences in functional (digestive/ absorptive) capacity, to differences in degree of cell differentiation or to differences in rate of cell turnover between these segments of small intestine. Certainly, the modest hyperplastic changes seen in lactation, and the mild hypoplasia seen in the selfemptying loop, are not associated with major alterations in insulin binding or expression of brush border enzymes.
A substantial reduction in insulin binding did occur, however, in the markedly hyperplastic tissue of the rats with jejunoileal bypass. Mouse crypt cells have fewer insulin binding sites than villus cells.21 It is unlikely though that a proportional increase in crypt cells caused the reduction, as in the jejunoileal bypass model villus height increased in the same proportion as crypt depth (Fig. 3) . Plasma insulin concentrations were the same in bypass and sham operated animals and so the reduction could not have been because of the down-regulation of binding sites. In such a case, down regulation would also have been expected in the selfemptying loop. It seems probable that the substantial fall in insulin binding in hyperplastic jejunum ofjejunoileal bypass rats may be analogous to what is seen in cultured adipocytes where insulin binding site density increases with increasing morphological differentiation. 22 In the jejunoileal bypass animals, the low levels of brush border enzymes (expressed relative to DNA) in hyperplastic intestine indicate that the villus cells are relatively hypomature. It remains to be shown, however, whether this hypomaturity is the cause or result of the decrease in insulin receptors.
Whatever the explanation, there are substantial changes in insulin binding sites in the jejunoileal bypass model of hyperplasia. As hormone action can be modulated by receptor status7 these changes in insulin receptor status could modify the effect of insulin on the maturing villus cell. 
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